Introduction
============

The assessment of children and adolescents health-related quality of life (HRQoL) in clinical and health economics studies is receiving an increasingly meaningful role as "Outcome" \[[@R1]\], \[[@R2]\]. The term HRQoL denotes, in psychological terminology, a multidimensional construct covering physical, emotional, mental, social and behavioural components of wellbeing and function as perceived by patients and/or other observers \[[@R3]\], \[[@R4]\], \[[@R5]\], \[[@R6]\].

As opposed to classic criteria such as survival time, laboratory values, function tests or clinical observations \[[@R7]\], HRQoL considers the perceptions of those involved relevant in many aspects, for example the use of health services \[[@R8]\]. Questions about the HRQoL have gained importance in the field of therapy evaluation, especially in treatment of chronic degenerative illnesses that do not lead to a shortening of life, but rather accompany those affected for a lifetime \[[@R9]\]. By concentrating on the needs of those affected we are able to gain additional knowledge about the sense and use of corresponding treatment procedures \[[@R10]\]. Furthermore it reveals subjective differences between therapies.

Various HRQoL instruments for children and adolescents have been developed during the last decade and were applied in clinical and health economic studies with the research focus on the HRQoL of specific groups of responders, comparing these groups respectively. However, if HRQoL assessment aims to contribute to the decision on and evaluation of individual treatment \[[@R11]\] as well as to the identification of hidden morbidities \[[@R12]\], an individual diagnostic perspective is required. Yet the question arises whether or not the current HRQoL questionnaires for children and adolescents can be used for individual diagnostic assessment as well.

To date, the majority of HRQoL questionnaires for children and adolescents are not designed for individual diagnostic assessment. For example, the interpretation of the scores via reference data is focussed on group comparison by e.g. providing cut-off values which inform that there is a noticeable deviation from the reference population when a specific group of responders display only moderately lower HRQoL on average than the overall reference population. However, for individual diagnosis lower thresholds are required. An exception is the generic KIDSCREEN HRQoL Instrument \[[@R13]\] which was developed simultaneously in several different countries and tested in a large representative sample of children and adolescents. Issued from the field testing, reference data and cut-off values for the interpretation of individual KIDSCREEN scores are provided \[[@R14]\].

However, individual diagnostic assessment demands the test-scores of an instrument to be highly precise. Such high reliability should ensure a small measurement error confidence interval, necessary to identify statistically significant differences in the HRQoL trait parameter values when comparing individuals. Reliability of .90 or even .95 has been proposed as opposed to lower acceptable reliability of at least .70 for group comparison \[[@R15]\]. Most of the HRQoL scales for children and adolescents achieve a satisfying reliability of .70 and more, but do not meet such strict requirements \[[@R16]\]. This is demonstrated profoundly in profile instruments where the items are clustered into many different scales.

This paper aims to demonstrate that should a particular measurement tool meet several psychometric requirements; a diagnostic assessment on mental health related problems is possible. For the KIDSCREEN HRQoL instrument \[[@R13]\] specifically we investigated, if the application of a principal component analysis (PCA) \[[@R17]\] for summative scaling \[[@R18]\] meets the psychometric demands for individual diagnostic assessment of mental health related problems. The diagnostic quality of the resulting summative scaling will be examined when screening for children and adolescents with mental health problems. The discriminating ability will be compared with the discrimination achieved when using the information of the complete KIDSCREEN-27 measurement profile.

Methods
=======

Subjects and study design
-------------------------

The KIDSCREEN project was funded by the European Commission. It aimed to develop the first instrument using a simultaneous international construction approach which includes the exploration of the relevant dimensions of HRQoL in the questionnaire, considering different age groups and different countries. Furhermore the initial scale content should be based on content generated by focus groups in different countries \[[@R19]\]. Modern techniques for the development and cross-cultural validation of HRQoL, such as structural equation modelling and the item response theory were applied \[[@R20]\]. The result of this project was the generic KIDSCREEN HRQoL questionnaire \[[@R13]\].

The cross-sectional KIDSCREEN survey was carried out to screen and promote the HRQoL in children and adolescents in European countries from a public health perspective. National representative surveys on health and quality of life were conducted in the 13 participating European countries. Three different approaches to sample selection were used. In six countries (AT, DE, CH, ES, FR, NL), address sampling was conducted via computer-assisted telephone interviews. Questionnaires were sent by post to families who had agreed by phone to participate, and these were filled in at home and sent back to the national centres in a prepaid envelope. In five countries (EL, HU, IE, PL, SE), the samples were obtained in schools that were representative for the country as a whole in terms of type (private vs. public, rural vs. urban). The pupils filled in the questionnaires during class-time and took a copy of the parents' questionnaire back home with them (except PL, which followed post administration). Parents were asked to fill in the questionnaires and to send them back to each national centre using a prepaid envelope. UK combined both telephone and school administration and CZ used a multistage random sampling of communities and households. Design, sampling and administration methods by country, as well as assessment of the external validity are described in detail elsewhere \[[@R21]\].

Instruments and variables
-------------------------

The generic KIDSCREEN-27 was developed from the extended KIDSCREEN-52 HRQoL questionnaire for children and adolescents \[[@R13]\]. The instrument consists of 27 items assessing five HRQoL dimensions: *Physical Well-Being* explores the level of the children/adolescent's physical activity, energy and fitness. *Psychological Well-Being* examines the psychological well-being of the child/adolescent, including positive emotions, satisfaction with life and feeling emotionally balanced. *Parent Relations & Autonomy* examines relationships with parents, the atmosphere at home and feelings of having enough age-appropriate freedom to choose (things for yourself in the relationship, good balance between parents) as well as feeling satisfied with the own financial resources. *Social Support & Peers* examines the nature of the respondents' relationships with other children/adolescents. Finally *School Environment* explores the child's/adolescent's perceptions of his/her cognitive capacity, learning and concentration, and their feelings about school.

The items of the KIDSCREEN-27 HRQoL questionnaire assess either the frequency of behaviour/feelings or, in fewer cases, the intensity of an attitude. Both possible item formats use five-point answer categories, with an one week recall period. Negatively worded items were recoded and the item-scores summed up. Because the KIDSCREEN items fulfil the assumptions of the probabilistic partial credit model \[[@R20]\] Rasch-scores are computed for each dimension and are transformed into T-Values with a mean of 50 and a standard deviation of 10; higher scores indicate higher HrQoL and well-being. The international manual of the KIDSCREEN instrument (accessible under <http://www.kidscreen.org>) provides international and national reference data stratified for age and gender. In addition to the reference data for group comparison there are detailed reference values for individual diagnosis as well.

Mental health problems were assessed with the Strength and Difficulties Questionnaire (SDQ) a brief behavioural screening questionnaire \[[@R22]\]. The SDQ explores positive and negative attributes in 25 items regarding emotional symptoms, conduct problems, hyperactivity/inattention, peer relationship problems and prosocial behaviour. Additionally, information on the impact of a potential mental condition is gathered. The SDQ-self and parents report version was included as a screening instrument of mental health in all countries except Ireland. The SDQ was scored using the "predictive algorithm" which aims to predict any psychiatric diagnosis in the categories "unlikely", "possible" and "probable" using the self-report and parent report as well as their information on the impact \[[@R23]\], \[[@R24]\]. However, we have to bear in mind that the SDQ can only determine whether a subject has a mental health problem or not. Although the SDQ represents a dimensional assessment tool, only the three-categorical outcome of the predictive algorithm was used, because its combination of the different data-sources could be viewed as being more valid than the single SDQ-scores \[[@R25]\]. For the analyses the variable was dichotomized into the collapsed categories "unlikely and possible" (value = 0) and "probable" (value = 1). Fewer parents than children and adolescents participated the KIDSCREEN survey. Thus only 18,625 children and adolescents could be categorized according to the SDQ predictive algorithm.

Sociodemografic information on e.g. age, gender and nationality were collected via self report from the children and adolescents.

Statistical analysis
--------------------

The reliability of the KIDSCREEN-27 scores was calculated with Cronbach's alpha \[[@R26]\]. To achieve a summative scaling of the KIDSCREEN-27 scores principal component analysis (PCA) was performed on the matrix of Pearson-correlation between the KIDSCREEN-27 scores. The principal component (PC) values were estimated and used to score the respondents (KIDSCREEN-27 PC-score). This approach has been used in the HRQoL testing community for summative scaling of HRQoL measures before \[[@R27]\]. However, only the first (general) PC was extracted and the PC scores calculated - an approach also described by Chen \[[@R18]\] for unidimensionalized scaling of multidimensional (meta-) constructs.

The percentage of total variance was explained and the factor loadings were computed. The eigenvalue plot was examined to justify the general factor solution. The distribution of the PC-scores was examined. To compute the reliability of the PC-scores a formula for the reliability of a linear combination \[[@R15]\] was used: The reliabilities of the KIDSCREEN-27 scores were multiplied with their corresponding squared PC-scoring coefficients and summed up. This term is subtracted from the sum of the squared PC-scoring coefficients and the result divided by the variance of the PC-values. Subtracting the last value from 1 equals the reliability of the linear combination used for calculating the PC-scores.

The ability of the KIDSCREEN-27 PC-score to detect a mental health problem in general was evaluated by fitting a binary logistic regression model \[[@R28]\] to predict the dichotomized SDQ using the KIDSCREEN-27 PC-score as predictor. Regression coefficients were estimated stratified for age-group (\<12 years and \>11 years), gender and country. The Nagelkerke pseudo-R^2^ value, the regression coefficients and the odds ratios were computed. The area under the receiver operating characteristic curve (AuC) \[[@R29]\] was calculated when screening for respondents with a mental health problem. For every possible cut-off value the sensitivity and the specificity (distracted from 1) is calculated and plotted in 2-axis coordinates. The area under the plotted line denotes the discrimination. The discrimination indicated by the AuC was evaluated according to the rules of Hosmer & Lemeshow \[[@R28]\]. Values between .70 and .79 were considered as evidence for acceptable discrimination, values between .80 and .89 as good discrimination.

Condensing the KIDSCREEN-27 test data into one single general value of HRQoL (KIDSCREEN-27 PC-score) might lead to loose crucial information about the respondents HRQoL. In order to track potential loss of such psychometric information, the (AuC) achieved via KIDSCREEN-27 PC-score was compared with the AuC issued after fitting a logistic regression model to predict the dichotomized SDQ using the five original KIDSCREEN-27 scores as predictors. The regression coefficients were again estimated stratified for country, age and gender. The two AuCs were compared and tested for statistically significant deviation. Fitting a multiple logistic regression model encompasses a linear combination of the predictors in the exponent of the logistic regression formula. Thus the reliability of this linear combination was calculated too using a similar formula like the one described above \[[@R15]\].

The statistical analyses were carried out using the software SPSS 13.0 and Stata 9.0.

Results
=======

Sample description
------------------

The final sample included 22,830 children and adolescents. Response rates varied across countries, from 45.3% to 100%. Table 1 [(Tab. 1)](#T1){ref-type="fig"} shows the socio-demographic characteristics of the final sample, overall and by country. The mean age for the overall child sample (8-11 years) was 9.6 years, and for the adolescent sample (12-18 years) 14.3 years. There were slightly more females than males in both samples. In terms of age and gender, the child and adolescent samples were broadly similar across all participating countries. The most notable differences between countries occurred in socio-economic status, assessed with the family affluence scale (FAS \[[@R30]\]) with, for example, 49.5% of the Czech Republic child sample reporting low FAS compared to only 7.5% in the French sample. A similar pattern was seen in the adolescent sample.

Psychometric properties of the KIDSCREEN-27 profile scores
----------------------------------------------------------

The internal consistency reliability of the KIDSRCEEN-27 HRQoL questionnaire dimension scores for the overall sample as well as the range of their internal consistencies across countries was calculated. In the overall sample Cronbach's alpha ranged from .78 to .84. None of the scales displayed Cronbach's alpha below .70 in any of the country subgroups. Due to the scoring algorithm the scale scores were distributed with means around 50 and standard deviations (SDs) around 10. The percentage of respondents omitting at least one item in a scale ranged from 1.57% (*Social Support & Peers*) to 3.80% (*Parents & Autonomy*).

Principal component analysis
----------------------------

Aimed to achieve a summative scaling of the KIDSCREEN-27 instrument, PCA was performed on the matrix of Pearson-correlation between the KIDSCREEN-27 scores. Beforehand this correlation matrix was examined. The inter-scale correlation ranged from r=.37 to r=.59. The first PC was extracted. This PC accounts for 58.28% of the whole variance in the KIDSCREEN-27 scores. The examination of the scree-plot of eigenvalues (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}) indicated a one (general-) PC solution: A large eigenvalue (2.91) for the first PC was followed by a sharp decrease to the eigenvalues of the succeeding PCs (.66 to .35). Furthermore, the eigenvalue of the second PC was below criterions specified in the literature \[[@R17]\].

The PC-loading coefficients of the KIDSCREEN-27 profile scores ranged from .68 (*Social Support & Peers*) to .86 (*Psychological Well-being*) (Table 2 [(Tab. 2)](#T2){ref-type="fig"}).

The PC-scores (KIDSCREEN-27 PC-scores) were calculated using the scoring coefficients described in Table 2 [(Tab. 2)](#T2){ref-type="fig"}. Due to the applied scoring algorithm the KIDSCREEN-27 PC-scores were distributed with mean = 0 and SD = 1. The shape of the distribution followed the normal distribution (Figure 2 [(Fig. 2)](#F2){ref-type="fig"}). The reliability of the KIDSCREEN-27 PC-scores was calculated using the formula described by \[[@R15]\]. Based on the PC scoring coefficients shown in Table 2 [(Tab. 2)](#T2){ref-type="fig"} and the KIDSCREEN-27 profile score reliabilities shown in Table 1 [(Tab. 1)](#T1){ref-type="fig"} the estimated reliability of the KIDSCREEN-27 PC-score was .94 and thus above the threshold for individual comparison \[[@R15]\].

Convergence with mental health problems/diagnostic quality
----------------------------------------------------------

The ability of the KIDSCREEN-27 PC-score to detect a mental health problem in general was evaluated by fitting a binary logistic regression model to predict the dichotomized SDQ using the KIDSCREEN-27 PC-score as predictor. Regression coefficients were estimated stratified for age-group (\<12 years and \>11 years), gender and country. The Nagelkerke pseudo-R^2^ was .16. The odds ratio of KIDSCREEN-27 PC-score and probable mental health problems was .31 indicating that the higher the HRQoL -- the less likely (chance) the respondents were to display a mental health problem (Table 3 [(Tab. 3)](#T3){ref-type="fig"}). The corresponding 95% confidence interval (.29-.34) did not include the value of 1.

The area under the receiver operating characteristic curve (AuC) \[[@R29]\] was calculated when screening for respondents with a mental health problem in general (SDQ = probable) using the KIDSCREEN-27 PC-score. For every possible cut of value the sensitivity and the specifity (distracted from 1) was calculated and plotted in a 2-axis coordination (Figure 3 [(Fig. 3)](#F3){ref-type="fig"}, blue line). The area under the plotted line (AuC) was .80, according to the rules of \[[@R27]\] denoting a good discrimination. For a sensitivity of .80(.75) the specificity would be .62(.70). For a specificity of .80(.75) the sensitivity would be .65(.70).

The discrimination achieved with the original KIDSCREEN-27 profile scores was examined by first fitting a logistic regression model to predict the dichotomized SDQ using the KIDSCREEN-27 profile score as predictors. Regression coefficients were estimated stratified for age-groups (\<12 years and \>11 years), gender and country. The Nagelkerke pseudo-R^2^ was .22. The odds ratio of KIDSCREEN-27 profile scores and probable mental health problems were statistically significant smaller than 1 for the scales *Psychological Well-Being* (.55; 95CI .50-.61), *Parents & Autonomy* (.77; 95CI .70-.84) and *School Environment* (.57; 95CI .52-.62): A higher HRQoL is associated with a lower risk (chance) of mental health problems (Table 4 [(Tab. 4)](#T4){ref-type="fig"}).

The predicted probability of mental health problems was calculated and saved as test-scores. The linear combination of the KIDSCREEN-27 profile scores in the exponent of the logistic formula was examined and the reliability of this linear combination was calculated using a formula described in \[[@R14]\]. Using the reliabilities of the KIDSCREEN-27 profile scores and the logistic regression coefficients a reliability of .92 was calculated.

Using the predicted probability of mental health problems as test-data, the AuC was calculated when screening for respondents with a mental health problem (SDQ = probable). The AuC was .83 (Figure 3 [(Fig. 3)](#F3){ref-type="fig"}, red line) and statistically significant larger than the AuC achieved with the KIDSCREEN-27 PC-score (Table 5 [(Tab. 5)](#T5){ref-type="fig"}). However according to the rules of \[[@R28]\] both values denote a good discrimination.

Discussion
==========

The majority of the HRQoL instruments currently available for children and adolescents are neither designed for individual diagnostic assessment nor do they meet the strict psychometric criterions required for individual comparison. Even instruments with overall good psychometric properties most often do not achieve the necessary measurement precision. This paper aimed on investigating if the application of a PCA approach for summative scaling on the children and adolescents HRQoL instrument KIDSCREEN-27 enables an individual diagnostic assessment on mental health related problems.

The application of a conventional PCA demands continuous and interval-scaled variables which ideally should be multivariate normal distributed. From a methodological point of view the Rasch-scores of the KIDSCREEN-27 could be considered to represent continuous and interval-scaled traits. Univariate examinations (not presented here) showed approximately normal distribution of the scores. Thus the KIDSCREEN-27 met these crucial prerequisites for the application of the PCA.

The results of the PCA show that the correlation between the KIDSCREEN scales could be reasonably explained by a general (PC)-factor. The investigation of the eigenvalue plot revealed no hint to a sizeable secondary factor. All KIDSCREEN-27 scales displayed high loadings on that (PC-)factor which was then interpreted as a general HRQoL factor. These results differ from similar PCA analyses of the adults SF-36 HRQoL measure \[[@R27]\], were a solution with two (secondary-) components (mental- and physical) emerged. However, factor analytic studies on the adults WHOQOL- HRQoL measure has lead to a solution with only one secondary factor \[[@R31]\].

Results show that specifically for the KIDSCREEN-27 HRQoL instrument the applied PCA approach leads to a high measurement precision sufficient for individual diagnostic assessment on mental health related problems and individual comparison of test-scores. The distribution of the PC-scores resembled the normal distribution -- thus enabling a good discrimination between respondents with different HRQoL across the whole trait to be measured \[[@R15]\].

Using the PC-scores issued from the PCA as test-scores, the question arose about the conceptual justification of such a presentation of HRQoL test-values as a single index. The sizeable intercorrelation might be viewed as a statistical justification -- when considering the inter-scale correlation as caused by a latent factor of global HRQoL. In spite of the broadly consensual understanding of HRQoL as a multidimensional construct \[[@R3]\], disagreement exists over, on the one hand, how many and with which dimensions those affected should judge their HRQoL and, on the other, over what meaning the assumed multidimensionality has for the measurement: Because of its multidimensionality, does the HRQoL necessarily have to be inferred over several measurement results? Or can the HRQoL also be fixed through a global value \[[@R4]\]? Bullinger \[[@R32]\] states a consensus already in 1989 that HRQoL can be operationalized through single components and also be globally determinable. Rogerson \[[@R33]\] perceives a broad acceptance in the research community of the presentation of HRQoL measures as an aggregate index as well as a profile.

Exact knowledge regarding the dimensionality of an issue is principally of great importance for its adequate assessment. The undervaluing of the number of measured dimensions can either lead to the negligence of meaningful information or to the combination of factors that can then no longer be interpreted \[[@R34]\]. Thus it is important to test if such a global scoring misses important psychometric information.

The investigations on diagnostic quality when trying to detect a mental health problem in general showed that with regards to the AuC, the summative scoring of the KIDSCREEN-27 achieved a similar "good" discrimination as the usage of the whole profile. However the examination of the Nagelkerke pseudo-R^2^ revealed a sizeable higher magnitude of association between test-scores and mental health problems for the latter. These differences hint at an important question: For which specific research aim can a global HRQoL index be used and for which not. This has to be considered theoretically but also must be empirically tested. Thus although the presented results show no sizeable loss of psychometric information when screening for mental health problems, it might be different for other chronic health conditions, and for other research questions respectively. The usefulness of the presented PCA approach has to be explicitly tested for all desired areas of application.

Limitations of the study
------------------------

Several limitations had to be considered with regards to the presented results. A major limitation concerns the usage of the SDQ for classifying the respondents as having mental health problems or not. We have to bear in mind that the SDQ represents a screening instrument itself too that offers a dimensional assessment of mental health problems, although there are indices that the SDQ is sensitive enough to detect some psychiatric disorders in childhood \[[@R23]\]. Further studies should try to use information on clinical diagnosis to evaluate the discrimination. Further studies should also focus on examining the diagnostic quality whilst screening for mental health problems using a longitudinal design.

Another important limitation was rooted in the actual statistical analysis strategy. Both the PCA aimed to develop a summative scoring for the KIDSCREEN-27 profile score as well as the calculation of the diagnostic quality of that scoring were conducted on the same sample. From a scientific point of view however, the development and testing of a particular scoring should be done using different samples. However as the development of the scoring is based on the internal structure of the KIDSCREEN-27 profiles, whereas the testing of the diagnostic quality focused on the association with an external criterion, the results shown must not be considered sample dependant.

Lastly it has to be considered that the results were issued from a sample of female and male children and adolescents with a large age-range and from a diversity of cultures, differing with regards to various cultural and socioeconomic aspects as well as different sampling designs. While the examination of the diagnostic quality takes into account the heterogeneity of the sample, for the PCA it was decided to solely analyse the whole sample, because the KIDSCREEN scores proved to enable a comparable assessment of HRQol across gender, age and country \[[@R13]\], displaying no differential item functioning according to the approach described by \[[@R35]\].

A last limitation concerns the applicability of the introduced scoring approach. The reported results solely represent a methodological investigation about the potential of such a scoring. The proposed scaling approach can in no case be viewed as an official scoring for the KIDSCREEN-27. The development of a summative scoring algorithm for the KIDSCREEN is a further task of the KIDSCREEN group and will include the comparison of different approaches, including the one presented.

Conclusions
===========

The usage of HRQoL test data for individual diagnostic assessment and comparison is connected to strict psychometric criteria which are usually not fulfilled by the current available instruments for children and adolescents. However it could be shown that given an instrument fulfil the requirements necessary for the application of the presented PCA analysis (like the KIDSCREEN-27) - the application of the presented scoring approach enables to fulfil the pre-specified demands of a measurement with a high reliability necessary for individual comparison. The reported scoring leads to a good discrimination of the measurement and enable an individual diagnostic assessment on mental health related problems. The presented approach can enhance the usability and range of application of HRQoL measurements.

Notes
=====
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